In this study an attempt is made to use the Artificial Neural Network (ANN) model predict the Mean Time between Failures of manufacturing equipment. The equipment failure pattern was carefully studied and some key factors affecting the Mean Time between Failures were identified. An Artificial Neural Network model, the Multi-Layer perceptron, with two hidden layers and seven processing elements was built. Twelve months of maintenance data of the machine was collected. The data items were divided into 3 sets: Training, Validation and Testing sets for analysis. Using the method of Back-Propagation, the Artificial Neural Network model was trained and tested. Eight input factors were identified; the output was classified into three: Low, Medium and High Mean Time Between Failures. The analysis of the model confusion matrix indicates an overall model performance accuracy of 82% with a Normalised Mean Square Error of 0.24. It can be concluded that with the availability of adequate records, the Artificial Neural Network can serve as a useful maintenance management tool.
INTRODUCTION
The effectiveness of the maintenance function depends on the adequate planning of maintenance activities. The scheduling of maintenance activities determines the overall maintenance and operational costs of a production system. Proper planning, however, depends on the accurate estimation of relevant maintenance system parameters like Mean Time Between Failures (MTBF), Mean Time To Failures (MTTF), Mean Time To Repair, (MTTR), Reliability etc. Unfortunately, these parameters are usually influenced by multiple factors with very complex interactions and hence they are difficult to predict with the conventional mathematical or operational research models. (Oladokun e tal, 2006 (Telsang, 2001 ). These applications, however, often requires some simplifying assumptions which mostly limits their practical applictions.
In recent times the increasing availabilty and power of computing software and hardware, has encouraged the use of concepts in the areas of artificial intelligence, simulation and other computer based approaches to the maintenance problem. In this study an attempt is made at predicting the (MBTF) using the Artificial Neural Network (ANN) model. This work involves the study of the failure pattern of a major production equipment of tyre manufacturing company for the purpose of developping an ANN model for predicting the Mean Time between Failures of the equipment.
The Artificial Neural Network (ANN) is an analysis tool that is modelled after the massively parallel structure of the brain, a highly interconnected, parallel computational structure with many relatively simple individual processing elements or neurons that recieve input(s) to produce output(s Network training can be by Unsupervised Training or Supervised Training process. In the supervised training the desired output is given alongside the input, or by manually grading the performance of the network to get the desired output. The network process the input and compare with the desired output, errors and then back propagated through the system causing the system to adjust the weight which control the network (Dave and George, 2003) .
Unsupervised training is the process by which the network provide/group output by itself from a given input. The network decides what feature it will use to group output data from the operation on the given input data, this is also known as self-organisation.
For the purpose of this study, the supervised training was applied for the network training. The data was divided into three categories; the training set, verification set and the test/validation test. The basic adjustment of connection/weight strength takes place in the training phase of the network that makes use of 60% of the data.
The Validation set used to ascertain the degree of learning between the network input and the desired output, so as to ensure that over-training or overfitting does not occur was set at 20% of data. Overtraining occurs when a network cannot generalize outcomes when it fails to perform on the data that has not been trained with, factors that could be responsible for over-training are; size of the training set, the weight and complexity of the problem (Oladokun et al 2008) . Hence 60 percent of the data were used for the training set, 10 percent for the validation set and 30 percent for the test set.
RESULTS
Network Generalisation. The learning curve ( figure 1 ) for the training processs shows that the mean square error approaches zero with increasing number of epochs indicates high level of performance of the training. Similarly in figure 2 , for the cross validation the mean square error drops with increasing number of epoch, indicating good degree of generalisation.
Network Accuracy: Test was carried out with a set of breakdown data and the neural network model applied predicted the various degree of time between failures satisfactorily as shown below in table 3. The neural network prediction of the time between failures as depicted in table3 shows that model the accuracies of 95%, 76% and80% in predicting L.MTBF, M.MTBF and H.MTBF respectively. This gives an average accuracy of over 80%.
CONCLUSION:
This developed an ANN model for the prediction of the between time Between Failure of a major production equipment in an automobile tyre company the application using duration clasification approach. The model achieved an accuracy of over 80%. Hence it concluded that the application the Artificial Neural Network could be veritable tool in aiding maintenance management.
